The role of the right and left stellate ganglion (RSG, LSG) in the cardiac response to exercise was determined in 34 chronically instrumented dogs. The dogs were divided into three groups: control, left stellectomized (LSGx), and right stellectomized (RSGx). Heart rate (HR), left circumflex coronary flow velocity (CF), and left ventricular pressure were measured during a graded submaximal exercise program on a motor-driven treadmill. At the greatest work load, 6.4 kph and 16% grade, HR in the control group was 235 ± 6 beats/min, after LSGx was 258 ± 6 beats/min (P < 0.05), and after RSGx was 157 ± 7 beats/min (P < 0.01). The maximal derivative of left ventricular pressure increased to 7373 ± 501 mm Hg/sec in the control group; after LSGx it reached 8233 ± 759 mm Hg/sec [not significant (NS)], and after RSGx, 5524 ± 305 mm Hg/sec (NS). Control CF increased to 48 ± 3 cm/sec, after LSGx it increased to 57 ± 3 cm/sec (P < 0.05), and after RSGx to 42 ± 5 cm/sec (NS). After RSGx most dogs did not reach the greatest work load, and the comparison was made at the level attained. Arrhythmias during exercise appeared in 8% of control dogs, in 11% after LSGx, and in 86% after RSGx.
RECENTLY, it has been shown that unilateral right and left stellectomy have profound and opposite influences on cardiac arrhythmias during myocardial ischemia (Schwartz et al., 1976c) , ventricular vulnerability to fibrillation (Schwartz et al., 1976b) , ventricular excitability , and myocardial reactive hyperemia (Schwartz and Stone, 1977) . With one exception (Schwartz and Stone, 1977) , these studies had the shortcoming that the conditions under which the effects of unilateral stellectomy were investigated were artificial because of anesthesia (Schwartz et al., 1976a (Schwartz et al., , 1976c and vagotomy (Schwartz et al., 1976b . In the latter studies, vagotomy was justified by the obvious need to eliminate the tonic afferent vagal inhibition on sympathetic nerves (Guazzi et al., 1962; Mancia et al., 1975) . Exercise represents a condition in which conscious animals may be studied repeatedly and in which the high level of sympathetic activity attained suggests that changes may be observed after removal of either the right or left components of cardiac sympathetic innervation.
The data presently available on the role of cardiac sympathetic innervation during exercise originate from studies in which either complete dener-vation (Donald and Shepherd, 1963) or bilateral sympathectomy (Brouha et al., 1936; Hodes, 1939) were performed or beta-blocking drugs were used (Donald et al., 1968) .
We have investigated the effects of unilateral right or left stellectomy on various aspects of cardiac performance during exercise to understand better the specific role of cardiac sympathetic nerves in the complex cardiac adjustments associated with exercise and to gain insights into the puzzling effects of unilateral stellectomy previously reported.
Methods

Surgical Procedure
Forty mongrel dogs ranging in weight from 17 to 25 kg were used. They were free of heart worms and in good health prior to surgery. They were anesthetized with sodium pentothal (30 mg/kg, iv) and intubated. The level of anesthesia was maintained with a mixture of oxygen, nitrous oxide, and halothane. The heart was exposed through the 5th left intercostal space. The left circumflex coronary artery was dissected free of surrounding tissue from its origin for approximately 2.5-3 cm. Usually sufficient lengths of artery were obtained for the implantation of the flow probe without sacrificing large epicardial branches. Great care was exercised in the dissection of this vessel to maintain the adventitia intact; in so doing, adipose tissue surrounding the vessel was not removed. A Doppler ultrasonic flow probe was placed around the vessel and secured in place. A polyvinyl catheter was positioned in the left atrium through the left atrial appendage. A solid state pressure transducer (Kon- VOL.44, No. 5, MAY 1979 igsberg, model P20) was positioned in the left ventricular cavity through an incision in the apical dimple. All lead wires were brought out of the chest and tunneled to the dorsal surface of the neck where they exited from the skin.
In 22 dogs, the 3rd, right, or left intercostal space was entered subsequently. The left (LSG) or right (RSG) stellate ganglion, the ansa subclavia, and the rami communicantes from T\ to T* were identified. A length of nylon monofilament suture was placed around the caudal portion of the ganglion near the entry of the T3 ramus and a second suture was placed around the ansa subclavia at the cranial portion of the ganglion. Both monofilament sutures were buried subcutaneously near the vertebrae on the left or right side. Care was exercised to make certain that the sutures remained loose around the ganglion to prevent undue tension. In five dogs, both stellate ganglia were removed at the time of surgery. In 13 additional dogs, the same surgical procedure was done except the stellate ganglia were never removed during the study.
Measurements
Recordings of the left circumflex coronary artery flow velocity, left ventricular pressure, and the electrocardiogram (lead 2) were made on an eight-channel Beckman direct-writing oscillograph. The first derivative of left ventricular pressure (dP/dt) was obtained by an analog differentiator with a time constant of 0.01 second and a frequency response linear to 65 Hz. This signal was recorded on the direct-writing oscillograph. The electrocardiogram was used to trigger a cardiotachometer to measure heart rate. The signals also were recorded on magnetic tape (Ampex FR-1300) for later analysis.
Protocol
Studies were started 3-4 weeks after implantation. Submaximal exercise was carried out on a motor-driven treadmill with six periods of 3-minute duration at increasing work loads. The first and second periods were at 0% incline while the speed increased from 4.8 to 6.4 kph. At the latter speed the incline of the treadmill was gradually increased to 16%.
Twenty-five of these dogs were anesthetized with sodium pentothal and the nylon monofilament sutures around the LSG (nine dogs) or RSG (three dogs) were exposed. Both sutures were pulled simultaneously, resulting in the destruction of the LSG or RSG. Two weeks later the study during exercise was repeated. All dogs were afebrile and none had arrhythmias at rest.
Four additional dogs were studied after the removal of the RSG, but no control studies were made in this group. In three of these, the LSG subsequently was removed to produce bilateral stellectomy (BSGx) and the study repeated 2 weeks later. Five dogs were studied only after BSGx. This rather complicated protocol and the conditions in which the various dogs were studied are shown in Figure  1 .
Data Analysis
The resting and exercise data were analyzed from the analog magnetic tape recording by a digital computer (PDP 11/40) which was programmed to sample the data every 5 msec over 5 beats. The computer averaged the data points for the 5 beats and also calculated the derivative of left ventricular pressure (dP/dt). The submaximal exercise tests were taken at the end of each 3-mjnute segment.
It has to be specified that the control data refer to the moment at which the dogs, standing on the treadmill, were ready to begin exercise. This condition is already accompanied by some degree of sympathetic activity.
Statistical analysis was done in two different ways. For the entire left stellectomy (LSGx) study and for part of the right stellectomy (RSGx) study, each dog was used as its own control and data were analyzed by Student's f-test for paired observations (internal control study). The analysis was also carried out on the three experimental groups of dogs (RSGx, LSGx, BSGx) using multiple analysis of variance (group study). All values are expressed as means ± SE.
Results
Of the 40 dogs instrumented, four died of postsurgical complications including acute infection, and technical failure in two dogs made the continuation of the study impossible. The results reported here are based, therefore, on 34 dogs in which the various devices implanted performed well for the necessary period of time, ranging from 50 to 70 days following surgery. Thirteen of this group were studied only during the control period.
Heart Rate
In 25 intact dogs (control group), heart rate (HR) increased during exercise from 116 ± 5 to 235 ± 5 beats/min at the highest level of exercise, which was 6.4 kph at 16% incline (Fig. 2) .
In the nine dogs studied after LSGx, the increase in HR from 120 ± 10 to 258 ± 6 beats/min (Fig. 2) was significantly higher (P < 0.05) at the three highest levels of exercise when compared to the control data (n -25). Equally significant was this difference when the data before and after LSGx were compared (internal control study), as shown in Table 1 .
In seven dogs after RSGx, HR was already significantly lower when they were standing on the treadmill before beginning exercise and, during exercise, increased only from 86 ± 8 to 157 ± 7 beats/ min (Fig. 2) . The latter values refer to 6.4 kph at 8% incline because only one of the seven dogs completed the exercise up to 16% incline. Six dogs would not run and exercise was terminated. The difference with the control group (n = 25) was significant (P < 0.05) when the dogs were standing on the treadmill and became highly significant (P < 0.01) during the entire exercise period. Similar data with the same significant difference were obtained for the three dogs studied before and after RSGx (internal control study), as shown in Table 2 .
Myocardial Contractility
In 22 control dogs, dP/dt max increased from 3655 ± 273 to 7379 ± 501 mm Hg/sec with exercise at a level of 6.4 kph and 16% incline (Fig. 3) .
In nine dogs after LSGx, dP/dt max increased from 3841 ± 407 to 8233 ± 305 mm Hg/sec (at 6.4 kph and 16%). The difference between the control group and the LSGx group was not significant; this also was true for the internal control comparison (Table 1) .
In six dogs after RSGx, dP/dt max increased from 3750 ± 378 to 5524 ± 305 mm Hg/sec at 6.4 kph and 12% grade, and the difference from 6885 ± 354 mm Hg reached by the control group at the same level of exercise was not statistically significant. There was no difference at all between cdntrol condition and after RSGx in three dogs studied before and after RSGx, with the only exception being in the standing condition when dP/dt max was greater after RSGx (4033 ± 263 mm Hg/sec) than in control (3280 ± 490 mm Hg/sec). These data are shown in Figure 3 for the group study and in Table 2 for the internal control study.
Coronary Blood Flow
In 25 control dogs mean coronary flow velocity (MCF) increased from 26 ± 1 to 48 ± 3 cm/sec during exercise at a level of 6.4 kph and 16% incline ( Fig. 4) .
In nine dogs after LSGx, MCF increased from 25 ± 2 to 56 ± 7 cm/sec (Table 1) . The values for MCF were significantly different after LSGx at the two highest levels of exercise in a comparison with either the internal control data or control group data.
In six dogs after RSGx, MCF increased during exercise from 24 ± 3 to 42 ± 5 cm/sec (Fig. 4 ), and the difference from the control group was not significant. In the three dogs studied before and after RSGx, the MCF was slightly higher after RSGx, but the difference was still not significant. These data are shown in Table 2 .
Left Ventricular (LV) Pressure
LV pressure was analyzed in nine dogs before and after LSGx. LV systolic pressure increased under control conditions from 126 ± 11 to 156 ± 17 mm Hg and after LSGx, LV systolic pressure increased from 122 ± 12 to 149 ± 20 mm Hg and the difference was not significant. An exception to this was the first 3-minute period (4.8 kph and 0% incline) when under control conditions LV systolic pressure was significantly (P < 0.05) higher than after LSGx (143 ± 12 vs. 132 ± 11 mm Hg). LV diastolic pressure averaged 4 ± 1 mm Hg in the control group and increased to 5 ± 2 mm Hg at the highest work load. Following LSGx, LV diastolic pressure was 4 ± 2 mm Hg and increased to 5 ± 3 mm Hg at the highest work load. Neither the increase in LV diastolic pressure with exercise nor comparison before exercise between control and LSGx was significantly different. LV systolic and diastolic pressures did not change during exercise after RSGx in the six dogs in comparison to the control group and the internal control data.
Arrhythmias
Arrhythmias, mostly ventricular premature beats, never were present before exercise in the 34 dogs studied. They appeared during exercise in two out of 25 control dogs (8%), in one of nine left stellectomized dogs (11%), and in six of seven right stellectomized dogs (86%). In most dogs, arrhythmias appeared during the first phase of exercise; as exercise progressed, however, the pattern was lost. In some dogs they continued and in some they did not. Also, the incidence of premature beats varied from few to many. With one possible exception, they never seemed so frequent as to interfere with cardiac function and to limit exercise performance. Particularly, in the right stellectomized dogs which did not complete exercise, arrhythmias were very sporadic in the 3 minutes preceding the moment when they quit running.
Bilateral Stellectomy (BSGx)
Five dogs were studied only after BSGx, and the data from these are given in Table 3 . Heart rate and dP/dt max increased significantly less than in the control group (191 ± 4 vs. 235 ± 5 beats/min and 5014 ± 476 vs. 7373 ± 501 mm Hg/sec), yet coronary flow increased slightly above that observed in the control group (51 ± 5 cm/sec vs. 48 ± 3 cm/sec). The LV systolic pressure increased from 92 ± 6 to 120 ± 4 mm Hg at the highest level of exercise, while LV diastolic pressure increased from 4 ± 1 to 7 ± 3 mm Hg. The increase in LV systolic pressure with exercise was significant (P < 0.05), whereas the increase in LV diastolic pressure was not. The systolic LVP was higher in the control group than in the BSGx group. The comparison of the BSGx group to the control group showed a significant (P < 0.01) difference in pre-exercise systolic pressure and the systolic pressure (P < 0.05) at the maximal level of exercise. The LV diastolic pressures of the two groups were not different during the pre-exercise or exercise periods.
The effects of unilateral and bilateral stellectomy were compared, using as a reference the control values. For RSGx (n = 3) and LSGx (n -9) the internal control study was used, whereas for BSGx (n = 5) the lack of internal control made necessary a comparison with the control group (n = 25). It is important to recall that in the RSGx group the number of dogs was small, and thus the comparison was made at the level of exercise attained (6.4 kph, 8%). HR was 26% lower after RSGx, 19% lower after BSGx, and 6% higher after LSGx; dP/dt max was 5% lower after RSGx, 4% lower after LSGx, and 32% lower after BSGx; MCF was higher in all three groups (15% after RSGx, 14% after LSGx, and 6% after BSGx).
Discussion
The rapid changes in heart rate and myocardial contractility associated with initiation of exercise are dependent upon the presence of an intact cardiac sympathetic innervation (Donald, 1974; Vatner and Pagani, 1976) . Without cardiac nerves these changes, although delayed, still occur and allow an apparently normal cardiac performance during exercise because of changes in stroke volume and circulating catecholamine levels (Donald, 1974) .
Current knowledge of the role of the sympathetic nervous system during exercise stems mostly from studies in which either a bilateral sympathectomy or a more extensive cardiac denervation was performed (Donald and Shepherd, 1963; Brouha et al., 1936; Hodes, 1939) . The studies with cardiac denervation yielded information concerning the rapidity in the adjustments to the increased circulatory demands, and the studies with bilateral stellectomy showed increased fatigue during exercise (Hodes, 1939) and impairment in HR control (Brouha et aL, 1936; Hodes, 1939; Samaan, 1935) . These classic studies, however, considered the sympathetic nervous system as a whole and do not provide information on possible specific roles of the various components of cardiac sympathetic innervation.
There has been, in fact, a growing and by now VOL. 44, No. 5, MAY 1979 definitive body of evidence that the sympathetic nervous system is highly specific in both its efferent and afferent components. Randall and Rohse (1956) , using electrical stimulation, showed that sympathetic control of HR is primarily mediated by RSG, whereas both ganglia contribute to myocardial contractility, possibly the left more than the right. Malliani and associates, by electrophysiological studies, showed that various hemodynamic stimuli affect receptors, strategically located in different parts of the cardiovascular system, which relay information to the spinal cord and elicit highly specific sympathetic reflexes (Malliani et al., 1972 (Malliani et al., , 1973a (Malliani et al., , 1973b Pagani et al., 1974; Lioy et al., 1974) . Furthermore, they showed reciprocal and synergistic effects of the cardiac sympathetic afferent fibers on the vagal outflow directed to the heart (Schwartz et al., 1973) .
Our present study, utilizing unilateral stellectomy as a tool, provides new insights into the interaction occurring during exercise between the right and left cardiac nerves and into their specific roles.
Exercise Performance
We found an unexpected and striking difference between the LSGx dogs, all of which completed the exercise, and the RSGx dogs, six of seven of which could not complete the last portion of exercise. We have no explanation for this finding; yet an intriguing observation has been made in an ongoing clinical study (Schwartz, unpublished observation) in patients with unilateral stellectomy. Dyspnea on effort was observed in 19% of 25 patients with RSGx and in none of 11 patients with LSGx; all patients were under 50 years of age. Thus, even if an explanation is still missing, a similar occurrence has been found in both dogs and humans.
For the sake of discussion, the possibility may be proposed that the lower HR achieved during exercise after RSGx might have limited the necessary increase in cardiac output, thus inducing dyspnea and interfering with exercise performance.
Heart Rate
The most obvious finding was reduction in HR in the standing position on the treadmill and a diminished increase in HR during submaximal exercise after RSGx as compared to controls. This confirms in conscious animals what was found in anesthetized preparations (Randall et al., 1956) and, by proving the crucial role of the RSG in the sympathetic control of HR, explains per se the impaired HR response during exercise observed by Samaan (1935) and by Hodes (1939) in their bilaterally sympathectomized animals. To our surprise, the LSGx dogs at the higher levels of exercise consistently attained a higher HR than did controls. A related observation, of anecdotal interest, was made by Jonnesco (1921) who found that removing the LSG in a patient with angina pectoris produced a marked increase in HR which was still evident several years after surgery.
This finding might be explained in at least two ways. The first would be a postdenervation supersensitivity to circulating catecholamines, and the second would be an increase in sympathetic activity through the contralateral stellate ganglion. The first mechanism is highly unlikely, not only because of the anatomical distribution of cardiac nerves to the pacemaker areas, but especially because of very recent data indicating that suprasensitivity does not develop after LSGx . The second possibility implies a reflex activation of descending sympathetic activity running through the intact ganglion after unilateral stellate ganglionectomy. Although not proven, this mechanism has some data in its favor. The paradoxical effects of RSGx (Schwartz et al., 1976b (Schwartz et al., , 1976c depend upon an intact LSG, and it previously was suggested ) that a tentative explanation might be a baroreceptive reflex. Following the ablation of one stellate ganglion, HR and/or systemic arterial pressure decrease, thus reducing carotid sinus baroreceptor activity. This results in increased sympathetic activity through the contralateral ganglion. Therefore, unilateral stellectomy, while suppressing sympathetic activity on the ipsilateral side, may increase it on the contralateral side. Whereas a baroreceptive mechanism is plausible under resting conditions, to accept such a mechanism during exercise is more difficult because it has been shown that in this condition baroreflexes are attenuated (McRitchie et al., 1976) . Another mechanism by which sympathetic activity may be increased following contralateral stellectomy is suggested by the work of McCall and Gebber (1977) . They have recently found that spinal interneurons located in the vicinity of the intermediomedial nucleus directly inhibit part of the sympathoexcitatory pathways located in the intermediolateral spinal nucleus. They have also demonstrated that these inhibitory interneurons receive part of their input from sympathetic afferents running in the inferior cardiac nerve. Thus, removal of these afferents, as occurs with stellectomy, would interrupt the inhibitory pathway and result in an increased sympathetic activity through the contralateral stellate ganglion.
The fact that by interrupting the ansa subclavia some left vagal fibers are destroyed should, in our opinion, play no role whatsoever in the observed response.
Myocardial Contractility
Removal of either right or left SG did not result in a major reduction of the contractility of the left ventricle. In addition to the possibilities just mentioned for HR (i.e., increased sensitivity to circulating catecholamines and reflex action of the contralateral ganglion), other mechanisms may be in-volved. A HR effect may account in part for the maintenance of dP/dt max after LSGx, but since this mechanism may not be involved in right stellectomized animals, this seems an unlikely explanation.
Left ventricular end-diastolic pressure did not increase substantially after either RSGx or LSGx and, therefore, this potential mechanism did not play a role in our studies. Another possibility which cannot be discounted and which deserves further investigation is represented by an increase in cardiac dimensions (JewelL 1977) . The fact that, after BSGx, dP/dt max fell by 32% compared to control while the decrease after unilateral right and left SGx were, respectively, 5% and 4%, strongly suggests that a compensatory activation of the intact ganglion might have played a decisive role. This would coincide with other findings (Randall and Rohse, 1956 ) that both right and left stellate ganglia contribute to myocardial contractility.
Coronary Blood Flow
Changes in coronary blood flow result primarily from an increase or decrease in myocardial oxygen consumption (Sonnenblick et al., 1968) . Myocardial contractility, HR, and ventricular wall tension development have been considered to be the most important factors influencing myocardial oxygen consumption. During exercise, myocardial oxygen consumption increases (Khouri et al., 1965; Stone, 1977) since myocardial contractility, tension, and HR all increase. Thus, in the control study, the increase in coronary blood flow could be explained by the increase in myocardial oxygen consumption.
After LSGx, coronary blood flow increased more at the highest two levels of exercise than in the control group. There may be at least two possible explanations for the difference. The first would be that the increase in coronary flow was due to an increase in myocardial oxygen consumption greater than during the control runs as a result of the increase in HR during exercise above the prestellectomy controls. Previous data (Stone, 1977; Vatner et al., 1972) have indicated that HR alone can contribute 27-33% of the increase in coronary flow and myocardial oxygen consumption during exercise. A second possible explanation would be the removal of a vasoconstrictor tone on the coronary vessels by LSGx (Schwartz and Stone, 1977; Feigl, 1967) . In a previous study (Schwartz and Stone, 1977) it was shown that the coronary reactive hyperemic response to a 10-second occlusion of the circumflex artery was increased following LSGx and that the same response could be mimicked by aadrenergic receptor blockade in the conscious dog. The peak of the reactive hyperemic flow response was not altered following LSGx in that study, which suggests that the maximal downstream bed size had not changed. These data suggested for the first time a tonic vasoconstriction in the coronary vessels during short periods of ischemia, which is known to elicit a reflex increase in cardiac sympathetic activity (Malliani et al., 1969) . Two recent studies in exercising dogs (Gwirtz and Stone, 1978; Murray and Vatner, 1978) concluded that coronary blood flow can be increased by a-adrenergic blockade, thus supporting the concept of a tonic sympathetic vasoconstrictor activity on the coronary vessels during submaximal and maximal exercise. It is difficult to separate these two possibilities without a measure of myocardial oxygen consumption.
Another line of evidence that suggests a basic change in the regulation of coronary flood flow during exercise comes from the five dogs that were subjected to BSGx. In this group, HR and contractility were reduced at the maximal level of exercise studied. Yet the coronary flow was slightly increased over that found in the control group at the same level of exercise. Since a decrease in HR and contractility would reduce myocardial oxygen consumption, coronary flow would be expected to decrease below the control group data at this point. The data from this group strongly suggest that stellectomy has removed some vasoconstrictor effect that was still present in the coronary vessels at submaximal workloads in the control condition and indicate an important role of cardiac sympathetic nerves in limiting coronary flow during exercise.
Arrhythmias
RSGx clearly favored the development of arrhythmias during exercise. This finding represents an important confirmation of what already had been observed during myocardial ischemia (Schwartz et al., 1976) , because anesthesia and vagotomy can no longer be implicated. An obvious possible explanation would be that the lower HR after RSGx unmasked the arrhythmias not evident in the control condition or after LSGx because of overdrive suppression. The fact that, after BSGx, despite the same low level of HR, arrhythmias did not appear militates against this explantion; however, the number of dogs with BSGx is small. At variance with what happens during myocardial ischemia (Schwartz et al., 1976) , where dorsal root section decreased the incidence of arrhythmias, it is unlikely that the section of sympathetic afferent fibers (Malliani et al., 1973b) may have played an important role.
Once more (Schwartz, 1976b (Schwartz, , 1976c it seems that unilateral sympathetic discharges mediated by the left nerves facilitate arrhythmias. Two very recent sets of data in conscious animals suggest this. Cats were found to present arrhythmias during emotional stresses only after RSGx . In dogs whose hearts are completely denervated with the exception of the ventrolateral cardiac nerve, which originates from the left stellate ganglion, arrhythmias are often produced by exercise (Randall et al., 1978) . This latter model is VOL. 44, No. 5, MAY 1979 limited by the absence of the vagi, but it also points again to left-sided cardiac sympathetic nerves as arrhythmogenic.
This study has demonstrated in conscious dogs that the sympathetic control of HR is primarily mediated by the RSG, that arrhythmias during exercise are favored or unmasked by RSGx, and that compensatory mechanisms-clearly evident on myocardial contractility-are exerted after unilateral stellectomy by the contralateral ganglion. It is not excluded that some of the cardiovascular adjustments to exercise depend in part upon information relayed to the central nervous system by the cardiac sympathetic afferent fibers (Malliani et al., 1973b) and that part of the results observed depend on these fibers and therefore on the interruption of cardio-cardiac reflexes (Malliani et aL, 1972 (Malliani et aL, , 1973a Schwartz et aL, 1973) .
The data on HR, dP/dt max, and arrhythmias indicate that sympathetic activity through right and left cardiac nerves is not independent and that important interactions may occur. The interactions depend either on baroreceptors reflexes or on other central mechanisms (including also the cardio-cardiac reflexes) still to be defined.
Our findings, by showing the preservation of a good myocardial performance and even increased coronary flow after LSGx, may also have clinical implications because it has been recently suggested (Schwartz et al., 1975 (Schwartz et al., , 1976b Schwartz and Stone, 1978; that LSGx may play a protective role in patients at high risk of sudden death due to ventricular fibrillation. chloride transport increase renin secretion via this mechanism (Davis and Freeman, 1976; Reid et al., 1978) . The third mechanism for renin release involves the renal nerves (Davis and Freeman, 1976; Reid et al., 1978; Vander, 1967; Zanchetti and Stella, 1975) . Increases in renal sympathetic nerve activity have been shown to evoke increases in renin secretion (Bunag et al., 1966) , even in the absence of changes in renal blood flow or glomerular filtration rate (LaGrange et al., 1973) . To evaluate the role of each of these mechanisms in the control of renin secretion, each has been studied in a fashion which allowed it to be evaluated independently of the influence of the other two mechanisms. Recent evidence indicates that these vascular, tubular, and sympathetic neural mechanisms controlling renin secretion can, under certain circumstances, function independently of each other (Osborne et aL, 1977) . Since most investigations have examined one of these three specific mechanisms, there has been limited investigation of possible interactions among them.
Moreover, in spite of all the evidence for neurally
